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ZnO SL^-SRr -f^^ CNT* *#3*l*h 7l##< s fl ^^^^ ^-8*Hir 

n n^S] ^ofl Ib-IIIa-VIa^ €i# 2«*H ^"US p-*§ #£*l)f^ ^*Kr ^8; $7} #51*)]§"SH Ilb-VIa 
* -f^* CNTS SWtr 4*8=^ 3Ht*. 

4lx 



7HMHI *H3^; 

#7] Hfl^*mHl ^M-^H.(CNT:carbon nanotube) «B?*; 

^7i *mm 7i7flsi ^ivtjc^ » A>ai $ a m^^si #m ib-nib-vib^ iw«i i<*« 

#7j ^€ Ilb-VIa^ €iS SL«*H n-<g &£*|*; $ 

#7] n -S ZnO 3L#*Kr £#3l#o1 -f^ CNT* 3Lfi-«Hr Bfl^^^l 

3^ 2. 

3] 11M sa°H, ^71 7l#£ CuJL^, AUL«], Stainless steel ^ SeH^ lf^ £3*1 ■& 7]^°! 3i£ 

SKr CNT* 3L #*Rr 3) <£3*1 . 

3. 

* im Sfl°W, W MoS ^71- l~2/«tl ^AS *Rr CNT* iWfc 

4. 

1W Sl^, #7l ^j£jg ^q-^H (carbon nanotube) ufl^^* ?-^*Hr ^M-i^-M.^ £°l7} 1-3/an*] $4: 

SLS, *fe CNT» i$-sRr Efl . 

* HW Sa*H*J. ^71 Ib-IIIa-VIa^ a*S*M **S|te p-* tt£*H*£. CuInSe 2 ^ Cu0n,Ga)Se 2 * ^3 o] 
SMS CIS7B <H8 AS *R=- CNT* itf*R; * wq. 
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A 1*41 SWi, #7l Hb-VIa^ €i# 3E**H n-* #A*l]f^] CdS 3^ CNT» • 



St 1 * 7. 

*fl 1*41 jflaW, ^-7] tiVjEsflf^ n ^^7> 40~150nm?l ^iS«fe CNT# i'**H? Efl^*]. 
W* 8. 

*)1 1*41 5fl"°W. #7l ZnO 3 ^7> 50~100nm?l *W AS. *Rr CNTt- £*«Hr ^ 6 «J?1*1. 

9. 

A 1*4| #7l €£-f*4H] MgF 2 S. ©l^ol^ feW^t^ **SM fl** ^8 AS «H?CNT* SPfe 3 

10. 

#71 ^£ «133^#41 ^^i^f-A Hg*S*3*fe*3; 

#71 ?^-SH= 7l|7l|S! ^v+ii^-ti. ah g a #^-4| Ib-IIIb-VIb^ €i* 3L**H p-* 

***R? 

#71 ££*H^#4| Ilb-VIa^ £f*H ^€ n-U *^*Rr % 

#71 n -3 «VH^1##<H1 ZnO *^*Hr *J8*fr a**H? €&:5l£°1 CNT# 3L**Rr * W<l ^2: 

11. 

10*41 StW*l. #7l 71** Cu^°a, AlJi U, Stainless steel £ 1**1 714*1 3£ 

S CNT# £*«Hr 3)^*1 

12. 

^ 10*4] 5a°W, #71 Mo* sputtering*AS.^ <HIAS. *Hr CNTS 3E**Br ^#3*1 *)12:* 

13. 

A 10*41 sa<H-M, #71 ^A^j ££4^ « (carbon nanotube) ?^*Hr Qi^tfie] 1-3/aril % 

-§• #4 AS. SR? CNTt- Efl^^^l *||2*$. 
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St 1 * 14. 

*?1 fl«M, ^71 Ib-IIIa-VIa^ 5L#SH CuInSe 2 ^ Cu0h.Ga)Se 2 * «V 

^S^S CIS*I 3* *W±3. ^ CNT* 

^15. 

^ 10**1 5!W^. Hb-VIa^ €i# 3EW>} #i*|§^ CdS SKESflf^ ^±3, «Br CNT* 3L# 

S¥* 16. 

4 10*M &«\*\,<#7] n-^ #:£*llf^ =l ^7} 40~150nm<>l^, CBD^ ^$±2. «fe CNT* 2.^ 
St^* 17. 

4 10*M ZnO a 50-lOOnm?] 55-1- #3 .52.3. SRr CNT* If«fe «fl«*a*l.- 

St 7 "* 18. 

* 10*41 sw, -^7] ^s^s-cfl M gF 2 s *wm cnt* awt 

St 1 * 19. 

71^ u^^H 3-lOnmfi] 4^ *>S*Hr 

$.*]^%-$<% A^-fijg^ ^o]*- «&43e#Ji** PECVD*** «>1**W *-^*Hr 
•*7j ^i^-ii^-a * Ib-nia-VIa^ £**M a^€ p-^ ¥3; 

■*7l &£*fl§~iH nb-VIa^ £W 2S€ n-S St^f^ *^«Rr * 

*7l n-* i&£*JS"SH ZnO ^*Rr *3;* £**|-fe CNT* £**Kr ^ 

St 1 * 20. 

4 19*41 Sa^-H. *7) 7l^ CuJLU, AM, Stainless steel $ 1*^ t*M* 7l#°l 

a *H» CNT* £**Rr ^^fl^q afla^. 
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* 19** SW, -*7| Fe5f Ni* 4M« 1**1 ^H-^-i- sputtering*H 3-8«-§- WAS SRr CNT 

* a#*Hr ^#3*1 



3^*22. 

31 19%^l 5£»H, <SM ^i+ii^-a (carbon nanotube) ^4te *fc4i*M 2«l7f l-3»t! 3 

■fr *3 AS «Hfe CNT» 5L#5rfe ^WU'H. 



3^ 23. 

31 191W jfl«»H. Ib-IIIa-VIa^ CuInSe 2 # Cu(In,Ga)Se 2 * 

«ri4S ^€ CIS31 ^SLS. ^ CNT* £#«Hr *H°M*I ^S^. 

3^8" 24. 

31 19*4 5H<>H, -8-7] Ilb-VIa^ €±* 3Lfl*H CdS 3}-g: CNT# 



3^*25. 

31 19*4 Sa-H-M, ^7] €£^#^H] MgF 2 S. o^o^ ^A^xl^ol 4<ti4* *3«S CNTS 3E#*Br 
efl^^l 31 

£ CNT# £*5rfe <W?}*1 « -3. 313^4 #* ^^^«(CNT)« H^±3- 

p-n^3 ^j* ©)-g-«H 37l4M*lJL €*Al?l^ cJuiH^s^ i>l«|£j 

* oflui^iLsL ^=)ol ^ a ja4. <>1* xl^-g. Efl^xlfe 4«&q*ol Sfe*. 3. *#3.fc 

CuInSe 2 31 Efl^^^l, Si r%<&&*\, ^SjjL CdTe ^^W^l °1* * CuInSe 2 ?H «HKMfe g 

3*13 wl^^ Si Efl^x] ^AS ^71-^3. 013* CuInSe 2 S tfliS|fc I-III-VM 

££*Htt 6j|u|^ <£l=^ 7W JL JW, ^^7]1^7f lXloBcm- 1 ^ #JU|*4H 7H^ ^ 

1-2^ «4 D -}1S£ ^2^21 *fl#£*l 31^7>7>^ji at^laiAa ^lWltt <a^°l "14- *1 

4^1 sat m% 4 wq* nwitm q^^sl * 

^1 « ^ Xife ^7> JISL^-^ mH*] XlfiS ^4^^ 

CIS^l Eflo^i ^ CIS celli Ga^ S» %7}®*.sL>q m =1 #^i^7lfe >S*J=A£ 3*§^2. $14. 
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*£4£. S7] CIS n°^]3\ 7l^o.5.^ borosulicate glass4 £4€ AflEj-H] 7)** 4-8-484tr, *<H4fc * 
2:#7 r 4 ^^i- ^s* soda-lime .glass7l-A>-g.S|7l aI^-^t^. soda-lime glass* 4-§-^ £•§■;£ 

**4S <r Slxr^, Na -S*<>1 444 444 ^S.^^ ^43 5^ v] 

44 4€"°]4. a* 4**4fe £#3^ ^ ^(window layer)j°3.CdS« 4-8-4°<l #0. 

4, ZnO* A>-g-^31 Slfe ^MH4- 44>h #444H**|. 7l€4fi* 4"8"*H 

7}&.%* £fe 44 31444 Jfli*^<>l ■a^- ^Tl)*** JP2003-179238JH *11444 Sl^. 

£ 1* CIS74] *tt*AS 4~8-*rfe ^114 CuInSe 2 44 3)4344 £. H 44 

£4 ^4 4444aoKr =l4 -fl-eM^auM, 43^(3), **^*(5). 44^(6), a-e ^4€^-(7> « 

6ja| ^ ^a^-fr -M-g-tf ^ &4. of^cfl, #7] <Haa*K3)£ sputtering°14 e-beam evaporation 

* 4**H Mo* ^4#^4 4> SSIA^. #7l #*4^(5)4- 44#(6Kr CBD^* 4**r4 Cu(In,Ga)(Se,S) 
2 4 CdS* 44 #4*14 %%H<t 5U4. #4 3^ ^-44^-<7;£ sputtering °] 4 CVD^-g- <>l-g-4°l ZnOS. flMJ 

^7]^ tfo] n>^^ CIS3] 3J444*r Br<H44* ^7Hvi^S £$4^fe #51*11 di7.VS.A-1 p^^| ift£j(^n 

14 ss-^m 71-44 =l 7]^^27} CHJ2.H. 4 #^44. ^, 4+4H di^^oji -a^a* ^, p _ 

3 «i£a|4 3^31 (conduction band) 4*Rr <84€ ^ojm^ofl ^ 7>^7.|-tfl(valance band)5. ^7| £tK aejjl <^7l 
€ 34fep*8 xfl^-oj] ^flfil 44-4?#(EHP:electron hole pair)* ^44] €4. 1M* 34-3*# 

* 44fe p - n ^ 4 d H ^71^-6)1 ojgfl n ^ #£*|s. ^«H7>7ll 44 <2|.H 6fl ^§ ^ 

t&^SB! t^S H«M ^ 71 « ^T+isJ- ^^^-(recombination) 13^ 5*1 £^$4. d H 44 ^1 CIS 

=l i-fr^i ^4 ^«|^a-5S|o^ o^ fe ^.g is, oh tag x(s.* ^ 7l#^*M^i Sl^zl Sife 

*14. 

44^1 & ^"71 ^2fl7l^e) S-*fl=3# Sfl«47l -¥14^ «*S ^ MWNT(Multi-wall Carbon 

nanotube)* ^^^42] ^^s' o]^.fl-AS.*| ^2«7l^ cflul #«:S:#ol -f^« CNT» 3E«-4^ Bfl^^4» 

* ^ ^-^ IS 

SEfc £ 3 €45l# 0 l CNT# £«*rfe 4 Wl ^^H* ^1^^* m. 

S'?;4 -r^ 

Aj-71 «fl ^ ^ ^ € 4^4^ H.(CNT:carbon nanotube) nfll*(| ; 

^>7l ^«rfe 7fl7fl^ ^i4^«. 4*1 U ^ mm -iHM ^^M, Ib-IIIa-VIa^ €i* 5L^sW 

A J-7l «KE31|^M] Ilb-Vla^ €i» 5.^-4^ n--f #H^*; ^ 

^•71 n-3 ttJMI**! ZnO 5£^4fe -f ^« CNT* £#*Hr ^^4^ ^*14. 

4#4H m^^* ^^4^ 
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^71 BUI*]]!- ^§«Hr 7B711S] ^rii+ii^-o AM ^ 3. Bfl^^|-sl ^ofl ib-IIIa-VIa^ £#SH ^€ p-^ 

#71 nb-VIa* «db# sfl*W n-fl ^*Rr « 

#71 n-fl ZnO ^5^M§-§: ^*ttt * 3:* Srti^l 4-<r# CNT* 3L#*r*r S4 *3& 

71^21 UJ^^H £e>l 3-10nm^- *M*^** ^Hr ^*rfe 

#7l ^o|§^#ofl A>^^^^ ^^1# fcsfci+iiffJMrfr PECVD^^^- <>l-§-*H ; 

#7l ^tfMf Ib-IIIa-VIa# p-* «8-§^ #3; 

#7i #H*f|f-#<fl iib-via^ €i# 3L«*M. s-^€ n-m #:e*I|§^§- ^*Br ^3; ^ 

#7] ££.*H##0« ZnO *L£-ff"fr ^SRr *3A iWfe CNT* 3L**te £fl°<J3*l 

E2rA ^51 nfe. CNT ^^E°14. 

£ 2°ll 44 ^-tgsl <#a*|(20fe, 7l«(ll>5M. ^33^(12), #5^3 ^^Sc^-i.(carbon 

nanotube) «fl^3«13). Ib-IIIb-VIb^ £#*Br p-<8 S>£*ll§<15), Hb-VIa# £$-*Hr n-* 

(16) 3 ZnO *<17>* £4*1^ 3^44^1 *r &fi.4. 4*3. W ZnO €H-f^(17)#^ «a}W* 
(18)4 ^^(l^l *7*3. ^JE sa4. 

£ 1HW1t7#71 7l^(H) ASAJ a1*^§4 -M*« «■ ^14 t(flexible) 7l^# °l-g-#4 WW 

>1^S] o|Sfe Cu£*I44 AUMl, Stainless steel, ^o]v}s.S\- fEl^-i « «1* 1** 7l 

**|S3. ©i £#©1 Jit)- i*£^4. 

#7l uB^^^-(12)^r MoS- 4^444 Ji.4 4tf44*lfe- sputtering 1 ^ 4-8-44 l~2/an ^f4|3. 

344. 

447 r , #71 T&£fcq-!tJff-H.(carbon nanotube) Hfl!*iKl3)l- ^4ir 7fl7fl4 M-ic^-a^ ^ol-i- i-3jwnS 

o] 4t*144- 

EB o <M*l(20)fe #71 ^ivj-^H (carbon nanotube) *HM|(13)» -tMJ^-7|>I^ 44 ^ #7l 

Bfl1*||3 # ! M Ib-IIIa-VIa* i#«|-fe p-« ^£^1#(^^=#:15)^- °1el^ 

CuInSe 2 fi)- Cu(In ( Ga)Se 2 ^ ^«!« *MsL m& CIS^l %°] «>^*r4. JL^ #7l p- 

aslJl #71 Ilb-VIa^ «±* ^:S^^(16)-8r n-S #7l p-fl ^^#(15)4 pn 

#7] n-S «H^I*(16)fe CdS *H^|*^<»1 4^2|^4. Ji4 «>^"4«l-7fl^, #7l n-^ *E^*(1©4 . 

1- 40~150nmS ^l*4fe 
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H=£ £ £33 ii||#3i*l(20)£ 37l n-3 ftEWlfiHMI 33€ ZnO #E^(window layer:l7)* I^tf. 37l 
ZnO#£ e»°M*13. <a*r€ ^-7] ^^(i5)o^. tfifltfca a «J<£) a}*}* «J*|*Kf q«* £4. 

4fl^*Mlfc ZnO -gE-f %(17)sl 50~100nmS. *ft*Rr 

4o> 7 > $ 'tm^fe 3«!*l^s 71 «£-f*(17MM MgF 2 S «*14°1^! SM-3*1*€ 3 3^ <r^E #4. SE« £ 
^.o>fi] ^7H?fl *F3«; 44 37] ^E4-#( 17), #434§<18) m Ni*14 MAS o]^« 33?^ 
(19H331^5a4. 

£ 3(a)fe * #3^ 4# djoJ^H SA>s)fe io^fe 7fl ^^ £ o 1 c|.. aejjn. £ 3( b )fe £ 3(a)3 *l 
T^Sfe pn 3 WCAHH^l MWNT(muIti-wall carbon nanotube)£] FESEMAV5H4, E 3(c)^ E 3(a)3 
fli*^* ^^rfe- pn collection factor^! 7fl*Mel# Ji^^Hr =L% <>14. 

E 3(a)4 2433, photon energy7> ZnO €E^(17)& #4*31, CdS n-3 $£4S<16)* 

^P-1 <&E**<15> £3.41 l^&tK <>14 3*1 SHM44 Pn junction €33. 347} <^7l 5)3*1 7 ^ 

«W ^Tfl €4. ^331 «3«*<*1fe £ 3<a),(bW 44\+ 44 & 6 1, t^133€ i&fc4E*.& Bfl?i^(l3)S- 3 

AJ*«W, oia)i& ^^ol £ 3 (c)4 371 £^33 e*H *4*MI €4. nKW CIS 

*H4 343^4 »<»i <^7i s ^7> 7 > §«>s ftii+^a a^ft **n *# * XUesl n 

irS mW*M =r 5U4. a* ^ 3(c)4 £°1, «£^ifl«f A| junction^ £33£ HI*! *W^t ^ Xl±H£ 
S.^6)| 0.3. oj^-t,]^^. i^Blolsi ^§ collection factor* Jit* 7fl-a§ ^ 5i*r ^o]t|.. 

tr^-iLS., *3*l CNT 1^34 *])2:^3£ ^3*4. 
14t^f^ e*H«1 4* CNT ^3344 ^ll^^£.olc}.. 

E 4(a)4 £4. £ *3<4Hfc 34, 7l#(41)3°< m33^(4g>* 33$4. 3?1 4^ n ^afl' ^fl^^sl ^1^3 
f-i: Jl^«r^ 371 7l«<4D* CuS:^, AU:^, Stainless steel g #Bl 

H ^a* 3«i€ if*s 33*rfe 

aelJi #7l nj^^^(42)* 371 7l^(41)3 6 fl MoS sputtering#AS.«! 33 1 $14. iL4 «>^^?H^ 
^^•(42)^1 ^1» l~2wnS. ^014. 

'°H, ■& *3^^fe 371 33 € afl33^-(42)3<fl ^4^« nH 1^(43)1- 33^4. 

?*im±3., & m<$*\S= S. 4(b)4 371 afl^^^(42)3 < >l| ^ 33^4. 

f-3^1 E-beam evaporator* ol^-^.^ 3 ! "r ^4. 

€■ ^3<^^fe 371 ^^1^^0.5. Fe4 Ni^ 1** *1*«<»1 W^. iL4 «>^-a|^7l|^ ( ^7l 33€ 3<>1^ 

#f^(43a)5l ^ol# 3~10nmS ^m«rfe 

aelul ^ ^3^1^^ E 4(c)Sf -f-32] PECVD^3^- 0 ]-g-*>^ 371 33€ ^«l^#^(43aH field* -Wl^ 
^ «*7>itl ^Eq4(NH 3 )4 »Hlliffl(C 2 H 2 )S 4-8:*}^ ^3^AS*1 *ii+ii#it «1|^^(43)^ 3334. »1 
1, ^ ^3^^fe 371 *B«*K43)* ^3^hfe 42c#M.i1 a<>l» l~2^s «>^^«J4. 

3.21 a. £ ^^^fe E 4(d)4 371 ^3-Srt 7fl7l|51 ft^H A}«1 ^ afl^^^ ^ofl ib-ma- 

Vla^ 7flS# «»l-8-^ ^^^121 P-3 *E^*(45>* 33t&4. ^, 371 «JrE^^(45)^ 

371 Co-evaporator's* 6l-§-«r<^ 37l 33€ 4^2] *±v+3c#Jt ^^3AS*i| 331 ^ Sl4. €■ * 

3^^ 371 $E*^(45)£ CuInSe 2 Sf Cu(In,Ga)Se 2 ^ <fi}a 33€ CISTl) ^E^^°jol b}^^. 

H4 371 p-3 £E*f|#(45)Sl ^*«^ 91= 3^mS ^<>14. 
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tl&°.5L, £ 4(e)sf- g©l, -»7] p-* «£X|*(45Mra llb-VIa* £**K=- *£* *1*«H n-fl 

^(46)* qMftth ol^J* n-f ^£*l|f<46)* CBD(chemical bath deposition)^ * *>1*«W «r*S% <r 

m. 

n-<8 &£*I)#(46H CdS t>£sfl#°l li^ «MMtfMfe, W n-% #£*l|^*l *«# 

40~150nmS ^«*|fe %°]^. 

14^, £ *fl«H>lfe £ 4(f)4 2*1, #7] n-3 *£S«#(46)>SHI ##3 sputtering^ S* °1**H ZnO 
(47)* 33*4. ZnO €£4-#(47)3 50-100nmS ***R=- 

°H, * t^Hfe £ 4(g)4 *>1, W #7) 4l£-f#(47)^HI E-beam evapotator'S* 

=lz\5l $7] &W)*I*(48>4H1 E-beam evaporator^* °1**M NHM- Al^-S. 333^(49)* * 

4 *s Wi^M «ii^^(43)* 3imi= 4* safe 

€■ ^^j^S ^£^ £^£^-« 44 *fl« as*«3*l*l ol**AS^ f 

^^T^fl*! ^SflMHH t^fc 5L^l4 7l^o] 7>^^ f £^ 7l#^ «4H 

a}fif ^c], £ fl^* 3£^ CIS Efl°^lS] ^£3. *l-g-^-JLiiL*|, p-njuncton afc^S 3 

£ 2£r €■ 3 4-8*1 ^H] CNT a Wfe 3|<M*1 3 Wfl3£©l 4. 

£ 3(a)fc £ 4€- !fi<>l =£A>3fc 35* Ji^^fe 7H^^£o]t|.. 

£ 3(b)fe £ 3(a)S] Bfl^^^l* *B=~ p-n^ ^KAW *\ 3 MWNTS] FESEM^ 6 !^ 

£ 3(cfe £ 3(a)2] *H«8=3*1# ^*Br p-n^ H"»f(A)*lH 3 collection factor^ 7|-a««l» Ji^^fe o.« 

£ 4fe £ U-^Sl •a^H' a l 4^ CNT Bfl 0 <f^l2l ^ll2:^^£olc|-. 

£^ 
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Abstract(KPA) 



PURPOSE: A solar cell including a CNT(carbon nanotube) is provided to form a solar ceil including CNT with excellent conversion 
efficiency by using a conductive NWNT(multi--wall carbon nanotube) as an electrode of a solar cell. 



CONSTITUTION: A back plated 2) is formed on a substrated 1). The substrate can be a flexible substrate of one of Cu foil, Al foil, 
stainless steel or polymer. A conductive CNT arrangement body(13) is formed on the back plate. A p-type semiconductor layerd 5) is 
formed between the respective CNT of the arrangement body and on the arrangement body, including Ib-llib-Vlb group elements. An 
n-type semiconductor layer(1 6} is formed on the semiconductor layer, including llb-Via group elements. A ZnO window layerd 7) is 
formed on the n-type semiconductor layer. 



© KIPO 2007 



Abstract 



Provided is the solar battery including CNT and a method of manufacture thereof. 



The present invention relates to the solar battery, including CNT with a superior conversion efficiency including the back plate formed 
in the top of the substrate, the conductive carbon nanotube (CNT:carbon nanotube) array formed on the back plate, the p-type 
semiconductor layer, the n-type semiconductor layer formed including the Mb— Via group element formed in the above semiconductor 
layer, and the ZnO window layer formed on the n-type semiconductor layer and the process: method for fabricating solar cell 
including CNT with a superior conversion efficiency including the process of forming the carbon nanotube array, the pre c - 
forming the p-type semiconductor layer, the process of forming the n-type semiconductor layer formed including the lib— Via group 
element on the above semiconductor layer, and the process of forming the ZnO window layer on the n-type semiconductor layer on 
the formed ba t< ■ 1 • I I ' i t n r 1 t i i ft r layer and is 

formed for each carbon nanotube comprising array on the top of the array and is formed including the Ib-llla-VIa group element. The 
process of forming the p-type semiconductor layer and is formed for each carbon nanotube comprising array on the top of the array 
including the Ib-llla-VIa group element. 



Representative drawing 



Fig."" 2 " 
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■ Brief explanation of the drawing 



Figure 1 is a side sectional view showing the conventional structure for solar cell. 

Figure 2 is a side sectional view of the solar battery included with CNT according to the embodiment of the present invention. 

Figure 3(a) is the schematic side view which shows that the light is irradiated in the solar battery. 

Figure 3(b) is the FESEM photograph of MWNT at the p-n junction (A) comprising the solar battery of Figure 3(a). 

Figure 3(c) is the drawing showing the improvement principles of the collection factor at the p-n junction (A) comprising the solar 
battery of Figure 3(a). 

Figure 4 is a fabrication diagram of the CNT solar battery according to the time-and-date example of the present invention. 



The present invention relates to the solar battery including CNT and a method of manufacture thereof, rr 
battery with a superior conversion efficiency the , carbon nanotube (CNT) is used as electrode and mar 

The solar battery is acknowleged as the important energy source of future as the device which changes the light energy of the sun to 
the electrical energy by utilizing the property of the semiconductor p-n junction. The kind CulnSe the solar battery for the ground thin 
film type solar batteries are mainly dually used. 2 lt has the system solar battery, the amorphous Si solar battery and CdTe solar battery 
etc. These middle CulnSes. 2 ln the system solar battery is the stability side of the conversion efficiency and battery, if is reviewed that 
it is excellent than the amorphous Si solar battery. This CulnSe. 2 The light extinction coefficient is 1x10 the HlhvT family system 
compound semiconductor represented with furnace has the direct transiton energy band gap. 5 cm~ 1 lt is the highest among the furnace 

i , | I ' i i i i ' i ' I <rr "leotro- 

cciica! stabJUy carries the u< , ' oi being veiy excellent through the i film of Me Mickness 1 r 1 therefore, Me t replacing 

i II b mi . d At if • t| u J 1 in 1 i v ' 

generation is highlighted as the solar battery material of the high efficiency. 

The development of the CIS system solar battery is progressed as the direction which more improves the efficiency by adding Ga or S 
in the CIS cell. 

If it described in detail, the borosulicate glass or the ground ceramic substrate was used as the substrate of the initial CIS solar 
battery. However, the soda-lime glass which was the substrate which was new for the saving of the fabrication cost entering began 
• , r ■ , i * i . i i 1 1 la I i „ -i \ i 1 i ' pw s the 

i Ml n H , M *• I it/ ) 'i i I r I i i J 

y r v 1 r t n \ > l n \ . r I *r r <• in< i ' • it t i 

,r, [ , , , , , ', I i t * i • I ! 1 I 

process which has the flexibility by using h : > ^ material including polyimide etc. is presented in JP2003-179238 A. 

Figure 1 is a conventional CulnSe which the CIS system material is used for the light absorption layer being like that-.lt is the side 
sectional view of the thin film solar cell. As shown in it shows up in fig. 1 , the conventional solar batterv ( ' 0 h - tl e tructure of the 

, [, i pi < ' j M -i ! I 1) bomg 

laminated and formed on the glass substrates (1). The di amount the composition of the materials comprised unit films are. And 
moreover, the n u n < < r ■ * -mple, the Cu 

t ii si i i 1 1 i: - . t - , t 1 • t «. I oJ mi, H i - ' 1 

sputtering or the e-beam evaporation the back pla e (3) c< if in (Se,S) 2 CdS each is evaporated and It can form. Moreover, the tront 
side transparent electrode (7) can form into ZnO by using sputtering or the chemical vapor deposition. 

In the meantime, as described above, the prepared CIS system solar battery has the joining shape of the semiconductor of the 

i, r /| ■ ' i i I i hi I ' • ' 1 I i " ' I 

structure is identical with aiode. That is. in outside, when the light was income in trie solar baliery. Me concmion band (conoucaon 

|l ' . I t I J i ' ' " ' 

'<...',,,' ~i r i : > [ > i • J lr <- / 

supplies current to outside the electronics goes over to the N-type semiconductor among the generated former base - election-hole 
pair with the electric field existing between the p-n junction. 

But as to the CIS system solar battery, the P-type semiconductor used as absorber the recombination phe )n ol hole and the 
excited electronics etc. is generated due to the bonding problem with the other interface according to the poly-crystal material 
characteristic problem and thinning. Accordingly, the CIS solar battery the new solution about this is requested to the actual condition 
In which the efficiency is to for several years plateau In this technical field. 

"Technical Task 

Therefore, the present invention is done by the purpose to provide the solar battery including the CNT with a superior prior art 

tecs ' ' " V ' ' ' r t l i 

to solve problems with the conventional technology worked out. 
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Moreover, the present invention is done by the purpose to provide the method for fabricating solar cell including the CNT with a 
superior change efficiency. 

■ Structure & Operation of the Invention 

Purpose is accomplished. And the present invention relates to the solar battery including CNT with a superior conversion efficiency 
including the back plate formed in the top of the substrate, the conductive carbon nanotube (CNT:carbon nanotube) array formed on 
the back plate, the p-type semiconductor layer, the n-type semiconductor layer formed including the ilbjVIa group element formed in 
the above semiconductor layer, and the ZnO window layer formed on the n-type semiconductor layer. I he p-type semiconductor layer 
and is formed for each carbon nanotube comprising array on the top of the array and is formed including the Ib-llla-VIa group element. 

Moreover, the present invention relates to the method for fabricating solar cell including CNT with a superior conversion efficiency 
including the process of forming the carbon nanotube array, the process of forming the p-type semiconductor layer, the process of 
forming the n-type semiconductor layer formed including the llb-VIa group element on the above semiconductor layer, and the pk - 
of forming the ZnO window layer on the n-type semiconductor layer on the process of forming the back plate on the top of the 
substrate, and the formed back plate as described above. The process of forming the p-type semiconductor layer and is formed for 
each carbon ' i v r h top of the array including the Ib-llla-VIa group element. 

Moreover, the present invention relates to the method for fabricating solar cell including CNT with a superior conversion efficiency 
including the process of forming the p-type semiconductor layer formed including the Ib-llla-VIa group element, the process of forming 
the n-type semiconductor layer formed including the llb-VIa group element on the above semiconductor layer, and the process of 
forming the ZnO window layer on the n-type semiconductor layer in the process of forming the transition metal layer of the length 3- 
10nm on the back plate of substrate with multiple, the process of forming carbon nanotubes having the preset length on the formed 
transition metal layer as described above by using the PC CVD process, and the formed carbon nanotube surrounding as described 
above. 

Hereinafter, the present invention is particularly illustrated with reference to the attached view. 

Figure 2 is a side sectional view of the CNT solar battery according to the embodiment of the present invention. 

As shown in it shows up in fig. 2, it laminates the n-type semiconductor layer (16) and the ZnO window layer (17) including P-type 
semiconductor layer (15), and llb-VIa group element including P-type semiconductor layer (15), and llb-VIa group element in 
successively and the solar battery (20) of the present invention can be formed. And the anti-reflective layer (18) and front electrode 
(19) additionally additionally can include on the ZnO window layer (17). 

in the present invention, it is desirable to use the flexible substrate with a superior application property as the substrate (11) etc. For 
example, the Cu foil or the Al foil, the Stainless steel, and the Polymer like polyimlde can be given of this flexible substrate. And it 
more desires to use the chosen with these middle first class as the substrate material. 

It is desirable to the back plate (12) form into Mo. And it forms into 1~2/m thickness more preferably, by using the sputtering method. 

Furthermore, the length is desirable to control the length of each nanotube comprising the conductive carbon nanotube (carbon 
nanotube) array (13) to 1-3/an. 

The solar battery (20) of the present invention has the p-type semiconductor layer (light absorption layer :15) including the Ib-llla-VIa 
group element which and is formed on the top of array for each carbon tube comprising the carbon nanotube (carbon nanotube) array 
(13). This semiconductor layer is CulnSe. 2 Cu (In.Ga) Se. 2 lt is preferable that it is the CIS system semiconductor layer formed with one 
selected with middle. More preferably, the thickness of the p-type semiconductor layer is limited to about 3jm. 

And the semiconductor laver (16) including the llb-VIa group element comprises the p-type semiconductor layer (15) and PN junction 
as the n-type semiconductor layer. The n-type semiconductor layer (16) the CdS semiconductor layer is desirable. More preferably, 
the thickness of the , n-type semiconductor layer (16) is limited to 40-1 50nm. 

Moreover, the solar battery (20) of the present invention is equipped with the ZnO window layer (window layer: | ?) formed on the n- 
type semiconductor layer (16). The_ZnO layer play a role of suppressing the reflection of the light the light wl "I > nr ire - 
battery is guided to the absorber (1 5). 

Preferably, the thickness of the ZnO window layer (17) is limited to 50-1 OOnm. 

Furthermore, the present invention, selectively, MgF on the window layer (1 7) 2 The made anti-reflective layer can be formed. 
Moreover, as shown in it is obvious to the person skilled in the art of this technical field, the front electrode (19) consisting of Ni or Al 
can be formed on the window layer (17) or the anti-reflective layer (18). 

In the meantime, figure 3(a) is the schematic side view which shows that the light is irradiated in the solar battery. And figure 3(b) is 
the FESEM photograph of the MWNT (multi-wall carbon nanotube) at the P-N junction (A) comprising the solar battery of Figure 3(a). 
And Figure 3(c) is the drawing showing the improvement principles of the collection factor at the P-N junction (A) comprising the solar 
battery of Figure 3(a). 

If the light is irradiated like Figure 3(a) in battery, the photon energy passes through the ZnO widow lav 1 > - .- ' y *" 
CdS n-type semiconductor layer (16) is passed and the light is absorbed into the p-type semiconductor layer (15) surface. In this 
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way, if the light energy is absorbed, it affects the electromotive force while the electronics is excited to the pn junction principles. But 
in the present invention, as shown in it shows up in Figure 3(a), and (b), the carbon nanotube array (13) which becomes with the 
vertical yrowt* j >i 4 , thi mo \\ i i ; , 1 , 

Therefore, since the excited electronics immediately can stream down without the recombination of the electron hole generated in the 
conventional CIS solar battery through the carbon nano tube electrode, the conversion efficiency can be maximized. Moreover, it is 
increased the number of minority carrier which directly has an effect on the conversion efficiency like Figum 1( nee the 
conventional comparison maximizing the surface area of junction in semiconductor and the collection factor can be more improved. 



Next, the CNT production of solar battery process of the present invention is illustrated. 



Figure 4 is a fabrication diagram of the CNT solar battery according to the time-and-date example of the present invention. 



In the present invention like Figure 4(a), firstly the back plate (42) is formed on the substrate (41 ). Substrate desires what is the 
flexible substrate in consideration of the application property of the manufactured solar battery etc. Preferably, the substrate (41) is 
formed into the selected first class among the Cu foil, the Ai foil, and the Stainless steel and polymer material. 



And the back plate (42) can form into Mc c a f' 4 ! :s 'he sputtering box. More preferably, the thickness of the back plate 
(42) is limited to 1~2/an. 



Subsequently, in the present invention, the carbon nanotube array (43) is formed on the formed back plate (42) as described above. 



Concretely, in the present invention, the transition metal Is formed like Figure 4(b) on the back plate (42) with evaporation. The 
evaporation of this transition metal can be performed by using the normal E~beam evaporator. 



In the present invention, it is desirable to take advantage of the first class selected as the transition metal out of Fe or Ni. More 
preferably, the length of the transition metal layer (43a) which the , above statement is formed is limited to 3-1 Onm. 



And the ammonia (NH which is the reaction gas while imposing the field on the formed transition metal layer (43a) as described above 
by using the normal PC CVD process in the present invention like Figure 4(c) 3 Acetylene (C. 2 H 2 By dissolving by using the carbon 
nanotube array (43) is hung form. At this time, in the present invention, the length Is desirable to limit the length of the nanotube 
comprising the array (43) to 1 ~2/m. 



And in the present invention, by using the material which and includes the Ib-llla-VIa group element on the top of array for each 
carbon tube comprising array, the p-type semiconductor layer (45) which is the light absorption layer of the solar battery is formed like 
Figure 4(d). That is, by depositing material on the carbon nanotube surrounding of the formed multiple as described above by using 
the Co-evaporator method the above semiconductor layer (45) can be formed. The above semiconductor layer (45) is the CulnSe in 
the present invention. 2 Cu (In.Ga) Se. 2 The CIS system semiconductor layer is desirable formed with one selected with middle. 



More preferably, the thickness of the p-type semiconductor layer (45) is limited to about 3/m. 



Next, by using the material including the lib— Via group element on the formed p-type semiconductor layer (45) as described above, the 
n-type semiconductor layer (46) is formed like Figure 4(e), This n-type semiconductor layer (46) can be prepared preferably by using 
the CBD (chemical bath deposition) method. 



Moreover, it is preferable that the n-type semiconductor layer (46) is the CdS semiconductor layer. More preferably, the thickness of 
the , n-type semiconductor layer is limited to 40-1 50nm. 



It follows. The ZnO window layer (47) is formed at the present invention like Figure 4(f) by using the normal sputtering method etc. on 
the n-type semiconductor layer (46). Preferably, the thickness of the ZnO window layer (47) is limited to 50-1 OOnm. 



Subsequently, mgF preferably the E~beam evapotator method is used of the present invention like Figure 4(g) according to need on 
the window iayer (47) 2 The made anti-reflective layer (48) can be formed. 



And the solar battery which includes the carbon nanotube array (43) by forming the front, electrode (49) consisting of Ni or AI with 
evaporation by using the normal E-beam evaporator method on the anti-reflective layer (48), can be formed. 



As described above, the present invention can implement the solar battery wit!' a superior conversion efficier u< ^ ^ >i »•» 
carbon nanotube array which becomes with the vertical growth is used as the electrode of the CIS solar battery. 



As described above, it gave the desirable embodiment and the present invention was explained. However, the present invention is not 
limited in the statement content. That is. possible for dummy or the various reorganization in the record range of the patent claim of the 
attached present application. And it should be understood to belong altogether to these to the technical scope of the present 
application. 



■ Effects of the Invention 

As described above, the present invention has the effect that the conductive carbon nanotube is used as the electrode of the CIS 
solar battery. In that way the light energy which superficially maximizes the p-n juncton and Is absorbed into absorber is effectively- 
converted into the electrical energy, it is useful. 
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Scope of Claims 



■ Claim 1: 

The solar battery including CNT with a superior conversion efficiency including the back plate formed in the top of the substrate, the 
conductive carbon nanotube (CNTcarbon nanotube) array formed on the back plate, the p-type semiconductor layer, the n-type 
semiconductor layer formed including the llb-VIa group element formed in the above semiconductor layer, and the ZnO window layer 
formed on the n-type semiconductor layer. The p-type semiconductor layer and is formed for each carbon nanotube comprising array 
on the top of the array and is formed including the Ib-lllb-Vlb group element. 



■Claim 2: 

The solar battery including CNT of claim 1 , wherein substrate is the flexible substrate selected between the Cu foil, the A! foil, and the 
Stainless steel and Polymer of the first class. 



■Claim 3: 

The solar battery including CNT of claim 1 , wherein the back plate is formed with Mo; and the thickness is 1~2/an. 



■Claim 4: 

The solar battery including CNT of claim 1 , wherein the length of the carbon nanotube comprising the conductive carbon nanotube 
array is 1-3/an. 



■Claim5: 

The p-type semiconductor layer, is CulnSe of claim 1 , wherein If is formed including the Ib-llla-VIa group element 2 Cu (In.Ga) Se. 2 The 
solar battery including CNT wherein it is the CIS system semiconductor layer formed with one selected with middle. 

■Claim 6: 

The solar battery including CNT of claim 1 , wherein the n-type semiconductor layer formed including the llb-VIa group element is the 
CdS semiconductor layer. 



■Claim/; 

The solar battery including CNT of claim 1, wherein in the n-type semiconductor layer, the thickness is 40~150nm. 



■Claim 8: 

The solar battery including CNT of claim 1 , wherein in the ZnO window layer, the thickness is 50-1 OOnm. 



■Claim 9: 

MgF on the window layer as to claim 1 . 2 The solar battery including CNT, wherein the anti-reflective layer made with furnace is 
formed. 

■Claim 10: 

The method for fabricating solar cell including CNT with a superior conversion efficiency including the process of forming the carbon 
nanotube array, the process of forming the p-type semiconductor layer, the process of forming the n-type semiconductor layer formed 
including the llb-VIa group element on the above semiconductor layer, and the process of forming the ZnO window layer on the n-type 
semiconductor layer on the process of forming the back plate on the top of the substrate, and the formed back plate as described 
above. The process of forming the p-type semiconductor layer and is formed for each carbon nanotube comprising array on the top of 
the array including the Ib-lllb-Vlb group element. 



■Claim 11: 

The method for fabricating solar cell including CNT of claim 10, wherein substrate is the flexible substrate selected between the Cu 
foil, the Al foil, and the Stainless steel and Polymer of the first class. 



■Claim 12: 

The method for fabricating solar cell including CNT of claim 10, wherein the back plate is formed with Mo as the as the sputtering box. 



■Claim 13: 
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The method for fabricating solar cell including CNT of claim 10, wherein the length of the carbon nanotube comprising the conductive 
carbon nanotube array is 1-3^. 



■Claim 14: 

The semiconductor layer, is CulnSe of claim 10, wherein It is formed including the lb— ilia— Via group elernent 2 Cu (In.Ga) Se. 2 The 
method for fabricating solar cell including CNT wherein it is the CIS system semiconductor layer formed with one selected with middle. 

■Claim 15: 

The method for fabricating solar cell including CNT of claim 10, wherein the semiconductor layer formed including the Mb— Via group 
element is the CdS semiconductor layer. 



■Claim 16: 

The method for fabricating solar cell including CNT of claim 10, wherein in the n-type semiconductor layer, the thickness is formed 
with 40-1 50nm, the CBD method. 



■Claim 17: 

The solar battery including CNT of claim 10, wherein in the ZnO window layer, the thickness is 50-1 OOnm. 



■Claim 18: 

MgF on the window layer as to claim 10. 2 The method for fabricating solar cell including CNT, wherein the anti-reflective layer is 
additionally formed. 

■Claim 19: 

The method for fabricating solar cell including CNT with a superior conversion efficiency including the process of forming the p-type 
semiconductor layer formed including the lb— Ufa— Via group element, the process of forming the n-type semiconductor layer formed 
including the llb-VIa group element on the above semiconductor layer, and the process of forming the ZnO window layer on the n-type 
semiconductor layer in the process of forming the transition metal layer of the length 3-1 Onm on the back plate of substrate '.it' 

ild the process o! forming carbon nanotubes having the preset length on the formed transition metal layer as described aoove by- 
using the PC CVD process, and the formed carbon nanotube surrounding as described above. 



"Claim 20: 

The method for fabricating solar cell including CNT of claim 19, wherein substrate is the flexible substrate selected between the Cu 
foil, the Al foil, and the Stainless steel and Polymer of the first class. 



■Claim 21: 

The method for fabricating solar cell including CNT of claim 19, wherein the transition metal layer is sputtering and it is formed with the 
selected transition metal of the first class as the among Fe and Ni. 



■Claim 22: 

The method for fabricating solar cell including CNT of claim 19, wherein the length of the carbon nanotube comprising the conductive 
carbon nanotube array is 1-3/m. 



■Claim 23: 

The semiconductor layer, is CulnSe of claim 19, wherein it is formed) including the Ib-llla-VIa group ek- e t 2 , In j,< Se 2 The 
method for fabricating solar cell including CNT wherein it is the CIS system semiconductor layer formed with one selected with middle. 

■Claim 24: 

The method for fabricating solar cell including CNT of claim 19, wherein the semiconductor layer formed including the llb-VIa group 
element is the CdS semiconductor layer. 



■Claim 25: 

MgF on the window layer as to claim 1 9. 2 The method for fabricating solar cell including CNT, wherein the anti-reflective layer is 
additionally formed. 



Drawing 
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■ Fig. 1 




■Fig. 4 
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